There is a great deal of concern about opioid use in veterans, particularly those who served in Afghanistan (OEF) and Iraq (OIF and OND). The current study provides a detailed pharmacoepidemiologic analysis of opioid use among OEF/OIF/OND veterans from FY09 to FY12. Data from 3 data repositories from the Veterans Health Administration (VHA) were used to describe demographic, clinical, and medication characteristics associated with opioid use among OEF/OIF/OND veterans and among those with TBI. Logistic regression models were used to identify risks associated with chronic opioid use in FY12. Approximately 23% of all OEF/ OIF/OND veterans and 35% of those with TBI received any opioid medications. Most received moderate doses ranging from 26 to 30 mg morphine equivalent dose daily. Median days of opioid use for all OEF/OIF/OND veterans were 30 to 40 days. Factors associated with chronic use in both groups included young age, male sex, white race, being married, and living in rural areas. A diagnosis of PTSD (odds ratio [OR] 5 1.22, P , 0.0001), major depressive disorder (OR 5 1.14, P , 0.0001), and tobacco use disorder (OR 5 1.18, P , 0.0001) were strongly associated with chronic opioid use. Back pain was also strongly associated with chronic use (OR 5 2.50, P , 0.0001). As pain severity increased the odds of chronic opioid use also increased: mild pain (OR 5 3.76, P , 0.0001), moderate pain (OR 5 6.80, P , 0.0001), and severe pain (OR 5 8.49, P , 0.0001). Opioid use among OEF/OIF/OND veterans is characterized by moderate doses that are used over relatively long periods of time by a minority of veterans.
Introduction
Prescribing opioid medications to treat chronic pain has increased dramatically in the last 2 decades, resulting in unprecedented numbers of people receiving opioids chronically. 5 This increased opioid use has been accompanied by a welldocumented parallel increase in opioid abuse/dependence and accidental overdose, suggesting increases in use and abuse may be linked. 6, [9] [10] [11] 17, 22, 24, 26, 28 Therefore, understanding risks for chronic opioid use offers the opportunity to identify, and potentially modify, factors associated with chronic use and help prevent development of opioid misuse and abuse.
There is a great deal of concern about opioid use in the veteran population, particularly those that served in Afghanistan (Operation Enduring Freedom-OEF) and Iraq (Operation Iraqi Freedom-OIF and Operation New Dawn-OND). This includes significant lay press coverage and hearings in the U.S. House of Representations and Senate Veterans' Affairs Committees. 2, 18, 21 This issue has also received a great deal of attention in the clinical and scientific communities. The use of pain as the "fifth Vital Sign" is now being questioned, and organizations are taking action to optimize pain care. VHA has implemented a wide range of clinical policies related to opioid use for chronic pain. Updates to these policies in 2009, 31, 36 2013, 30 and 2014 32 have increased the effort required by providers and patients for opioid prescribing and use, respectively.
A wide range of studies have examined the use of opioids to treat chronic pain in veterans. [14] [15] [16] 27 Several studies described opioid use in VHA using data from a single VHA network in the Pacific Northwest. 12, 23 These studies likely included OEF/OIF/ OND veterans, but did not specifically focus on this cohort. The findings are particularly notable because they suggest preexisting substance use and mental health disorders are associated with receipt of opioid medications, including receiving opioids chronically. However, it is unclear how well the cohort from those studies represents care for veterans nationwide. Studies utilizing national-level data from VHA do exist, 3, 4, 13, 27 but do not focus on opioid utilization in the OEF/OIF/OND cohort. Because this contingent is not the focus, the estimates of opioid use among these veterans vary wildly ranging from 3% to 64%.
None of the work to date provides information about the extent to which OEF/OIF/OND veterans, nationally, receive any opioids, received chronic opioid therapy, receive high opioid doses, or take multiple opioid medications concurrently. Limitations to the current literature include studies with one or more of the following limitations: (1) studies lack national data, (2) studies use data from 2009 or earlier, (3) studies do not require minimal amount of documented VHA care in a given year, and (4) studies require a chronic noncancer pain diagnosis for inclusion. The objective of this study is to fully understand the pharmacoepidemiology of current opioid use in OEF/OIF/OND veterans engaged in VHA care by performing an analysis that uses recent, national data and that includes all OEF/OIF/OND veterans who are regular users of VHA care, regardless of pain diagnosis.
Methods

Data sources
Data for this study were obtained from 3 repositories within the VHA: the Corporate Data Warehouse (CDW), the OEF/OIF/OND Roster, and the VA Pharmacy Benefits Management Service (PBM). The CDW is a relational database derived from the VA electronic health record that records demographics, clinical characteristics, and health care utilization records, including pain scores. The OEF/OIF/OND Roster file 35 provides information on all veterans who served in the OEF/OIF/OND conflicts and separated from the military since 2001. The PBM provides records of all opioid prescriptions dispensed by VHA during our study period including medication name, strength, number dispensed, days supplied, and date dispensed. Records from all repositories had a common scrambled social security number (ScrSSN) to allow records to be linked across data sources.
This study was approved by the Institutional Review Boards of the University of Arkansas for Medical Sciences and the Central Arkansas Veterans Healthcare System. A data use agreement was also executed with each data repository.
Inclusion or exclusion criteria
The analytic data set was created by using the CDW to identify all veterans who used inpatient or outpatient care in the VHA nationwide from FY08 to FY13. To avoid truncation of data, we used data from FY09 to FY12 for analysis. It was difficult to tell which year a veteran entered the OEF/OIF/OND registry, so we identified all veterans who used VHA care at least once during the study period and matched them to the registry to identify OEF/ OIF/OND veterans. Because VHA has implemented a range of policies with respect to management of chronic pain and opioid use, we wanted to identify a cohort that used VHA care regularly, since they would be most affected by these policies. In addition, because veterans can receive care in non-VA settings, it was important to identify a cohort that was likely to be using VHA regularly, including using VHA for pain management and therefore, may be less likely to receive opioids from non-VHA providers. Therefore, only those OEF/OIF/OND veterans who used VHA inpatient or outpatient care at least twice during a given fiscal year were included in the analyses. A veteran could also be counted in more than 1 fiscal year. Using the ScrSSN, we extracted outpatient opioid prescription records from the PBM and each veteran's corresponding demographic and clinical information, including pain scores, from the CDW. Veterans with a cancer diagnosis, those enrolled in VHA hospice care, and those residing in a VHA nursing home or domiciliary were excluded because pain management or use of medication in these groups may be different than those with other painful conditions or in other environments. In addition, patients who were receiving opioids in injectable or suppository form or whose opioid prescription records were incomplete were excluded because calculating a daily opioid dose was not possible from those records.
Opioid dependence is sometimes treated with methadone or buprenorphine, known as opioid agonist therapy. To ensure that these individuals were not included in the analyses, veterans with clinic visits for opioid agonist therapy and those with prescriptions for buprenorphine were also excluded. To protect against data entry errors in the prescription records, individuals with an average daily dose greater than 1000 mg morphine equivalent dose (MED) per day were treated as having a potentially invalid value and were excluded from the analyses. These criteria resulted in 3.2% to 3.4% of OEF/OIF/OND veterans being excluded per year.
Demographic characteristics
Demographic characteristics include age, race, sex, marital status, and rural-urban status. Table 1 provides the mean age for each study year. Categorical variables for age were also created and used in the model examining risk factors for chronic opioid use in FY12 ( Table 4 ). The categories for race were collapsed into white, nonwhite, and missing because of small sample sizes in nonwhite categories. The "missingness" of race data is a wellknown and well-studied problem in VHA databases and can be as high as 30%. 33, 34 To populate this field as much as possible, we searched inpatient records and outpatient encounter records because race is a field in each record. Race was missing for less than 10% of veterans included in our analyses. Marital status was collapsed into 2 categories: married and unmarried. Lastly, veterans were categorized into 1 of 4 categories based on the 5-digit zip code from the most recent home address on file with VHA: urban, large rural, small rural, and isolated rural. 25 
Clinical characteristics
To identify the clinical indications for veterans receiving opioids, we extracted ICD-9 codes from the CDW and specified 5 categories of pain that are common among veterans: neck, back, arthritis or joint, headache or migraine, and neuropathic. Veterans were categorized as having 1 of the 5 pain conditions if they had at least 1 outpatient visit coded with a condition within a fiscal year and had a second code for that same condition at least 30 days but less than or equal to 365 days later. Each person included in the study could have more than one of the 5 painful conditions.
Mental health and substance use diagnoses were based on definitions used by the VA Northeast Program Evaluation Center (NEPEC). 19 We identified veterans with diagnoses who, in other analyses, have been associated with opioid use, including depression, post-traumatic stress disorder (PTSD), non-opioid substance use disorder, opioid use disorder, alcohol use disorder, and tobacco use. Based on the NEPEC definition, a mental health diagnosis was defined as having at least 2 outpatient encounters for any of the mental health or substance use diagnoses described above, and at least one of the outpatient encounters must have been an in-person encounter (ie, both encounters cannot be telephone contacts). Each unique veteran could receive more than one mental health or substance use diagnosis.
We also identified outpatient pain scores for each veteran. The VHA uses a 0 to 10 numeric rating scale with 0 indicating no pain and 10 indicating the worse possible pain. 20 Pain scores for each veteran were averaged across each year so that they had a single score for each fiscal year. Veterans were grouped into those with a pain score of 0, those with mild pain (1-3), moderate (4-6), and severe (7-10) 38 and included in regression models as a categorical variable (Table 4) , those with no reported pain score were included as a separate group.
Medication characteristics
Opioid days were defined as the number of days in a given year that the veteran could have taken at least 1 dose of an opioid medication. To calculate the number of opioid days, the prescriptions for each year were sorted into chronological order based on the date dispensed. If any 2 prescriptions overlapped by more than 10 days or 20%, the overlapping portions of the prescription were assumed to be taken concurrently and the overlapping days were only included once in the opioid days calculation. If the overlap was #10 days or 20%, the second prescription was shifted and the overlapping days from both the first and second prescription were included in the opioid day calculation. Opioid use in each fiscal year was categorized as chronic use ($90 d/yr) or nonchronic use (,90 d/yr). Each opioid prescription was converted to an MED by multiplying the medication strength and the quantity dispensed by a published conversion factor. 1, 29, 37 All MEDs were summed across a given year to create the total MED/patient/year. The average daily MED was calculated by dividing the total MED by the number of opioid days that a patient could have taken opioids in that year.
In addition to opioid use being categorized as chronic or nonchronic, it was further characterized by calculating the proportion of chronic users who received a daily dose of .100 mg MED daily and those who received .120 mg MED daily because opioid doses at these levels have been identified as high dose and as being associated with opioid overdose, respectively. 5 The proportion of veterans who were identified as chronic opioid users and who were receiving long-acting opioid medications was calculated for each year. Long-acting opioids were defined as any opioid formulated to have sustained release properties (such as oxycodone sustained release or fentanyl patch) or those that are intrinsically long-acting, such as methadone. We did not differentiate between opioids classified as schedule II (the most restrictive in terms of prescribing regulations) vs schedules III to V. We also created a "multiple opioid" measure to identify veterans taking more than 1 opioid medication concurrently. This was defined as 2 or more types of opioids that overlapped by more than 30 days in any 40-day period.
We have provided descriptive tables of opioid use in OEF/OIF/ OND veterans as well as those with traumatic brain injury. Logistic regression models were used to model the likelihood of receiving opioids chronically in FY12 for all OEF/OIF/OND veterans. Each model included demographic characteristics, mental health and substance use diagnoses, pain conditions, pain score, and opioid characteristics. The Charlson Comorbidity Index was used to control for other physical health diagnoses. 
Results
Tables 1-3 describe the demographic, clinical, and medication characteristics, respectively, for all OEF/OIF/OND veterans who met our inclusion criteria from FY09 to FY12 and are divided into the following categories: chronic users, nonchronic users, no opioid use, and the cohort overall. The number of veterans meeting our inclusion criteria increased during the study period, which is consistent with the increase in the number of OEF/OIF/ OND veterans in general and the number using VHA care ( Table 1) . Across the study period, approximately 22% to 23% of the cohort received opioids, with 7% to 8% receiving them chronically. Overall, most veterans were white and male. This was consistent across the categories of chronic opioid use, nonchronic use, and no opioid use, and across fiscal years. Interestingly, the majority of chronic opioid users were married. Regardless of study year, most veterans lived in urban settings; this was true among chronic and nonchronic users as well as those with no opioid use. Table 2 provides clinical characteristics for each fiscal year. Arthritis and joint pain were the most prevalent painful conditions overall, but back pain was the most common painful condition among chronic opioid users. The proportion of chronic users with depression and PTSD was higher than nonchronic users or those with no opioid use. Tobacco use was also the most common Table 3 for mean dose in each year and SD.) Among chronic users, the dose was higher, but still moderate at approximately 35 mg MED daily in each year. The prevalence of high-dose opioids, concurrent use of multiple opioids, and use of long-acting opioids was fairly low. Prevalence of high-dose opioid therapy was much higher in chronic users than in nonchronic users. From FY09 to FY12, approximately 5% of chronic users (2% of all opioid users) received MED .100 mg daily and approximately 4% of chronic users (approximately 1.5% of all opioid users) received MED .120 mg daily. Interestingly, the use of multiple opioids decreased over time. In FY09, 19.2% of chronic users received multiple opioid medications concurrently compared to 16.7% in FY12. Likewise, use of long-acting opioids has decreased over time from 16.2% of chronic users in FY09 to 13.7% in FY12. Although it is not included in the table, we also examined the days of opioid use for each year. In the OEF/OIF/ OND cohort, median days of opioid use (50 th percentile) were 31, 35, 38, and 42 for FY09, FY10, FY11, and FY12, respectively. Table 4 provides the logistic regression model examining factors associated with chronic opioid use in FY12 for all OEF/ OIF/OND veterans. From a demographic perspective, the findings in this model are similar to other groups, with the risk of opioid use decreasing in the older age groups. 4, 27, 39 Veterans living in any type of rural area are less likely to receive opioids chronically compared to veterans living in urban areas. Similar to other studies, veterans with a diagnosis of PTSD, major depressive disorder, and tobacco use disorder are more likely to receive opioids chronically. 4, 27, 39 However, those with diagnosed TBI were less likely to receive chronic opioid therapy. In addition, veterans with a diagnosed alcohol use disorder had approximately 10% lower odds of receiving chronic opioid therapy, whereas those with a diagnosed opioid use disorder had approximately 25% higher odds of receiving this treatment; diagnosis of other substance use disorders did not significantly affect the likelihood of receiving chronic opioids. Among pain diagnoses, veterans with a diagnosis of back pain had more than triple the odds of receiving chronic opioid therapy compared to veterans without back pain. As pain scores increased, the odds of receiving opioid medication also increased relative to individuals with no pain. Opioid characteristics were most strongly associated with chronic opioid therapy.
Discussion
To our knowledge, this is the first detailed national report of opioid prescribing among OEF/OIF/OND veterans. These findings suggest that the prevalence of opioid use in OEF/OIF/ OND veterans is relatively modest. In these analyses, 23% of all OEF/OIF/OND veterans received any outpatient opioid in FY12. Among opioid users, chronic use was also modest, with 8.4% of OEF/OIF/OND veterans using opioids chronically in FY12. These findings are well within the large range (3%-64%) reported in other studies of OEF/OIF/OND veterans, and much smaller than the findings from Macey et al. 23 (64%), which examined data from 2008. Similar to previous work, we also found that most veterans received moderate doses of opioids and few had high-risk opioid use such as high MED, use of multiple opioids concurrently, and use of long-acting opioids. 12, 13, 23 This suggests that high-risk opioid use is less of a problem in OEF/OIF/OND veterans than suggested in previous studies, and certainly less than suggested by the lay press. Several previous studies found that history of substance use disorders was associated with the likelihood of receiving opioids, especially receiving them chronically. 12, 13, 23 On the contrary, OEF/OIF/OND veterans with a diagnosed alcohol use disorder had about 20% lower odds of receiving chronic opioids, and a diagnosis of substance abuse other than opioids, tobacco, or alcohol was not associated with chronic opioid use at all. Unfortunately, a diagnosis of opioid use disorder, increased opioid dose, and use of long-acting opioids were each significantly associated with an increased likelihood of chronic opioid use, although it is not possible to determine the direction of these associations. Our findings are also interesting when examined in comparison to a recent analysis of opioid use among veterans nationwide with a diagnosis of chronic noncancer pain. 13 This analysis found that, although the prevalence of any outpatient opioid use in 2011 was approximately 50%, with about 57% of opioid users receiving opioids chronically, use among OEF/ OIF/OND veterans was lower than veterans as a whole (47%). These results suggest that the OEF/OIF/OND cohort may be at a lower risk of opioid use, including chronic use, than veterans as a whole.
This study is subject to several limitations. The work is based on outpatient opioid prescriptions prescribed within the VHA, therefore the analyses do not account for opioids that veterans may have received outside the VHA system. These analyses included data from veterans who use the VHA at least twice in a given fiscal year. This was an effort to ensure a cohort of veterans who were seen in VHA regularly, may be less likely to receive care outside the VHA system, and were most likely to be affected by opioid-related policies implemented by VHA. These analyses are also subject to the limitations of any secondary data analyses. First, it is possible that some diagnoses may be miscoded or that some veterans may have a particular diagnosis that was not annotated in the record. Furthermore, the opioid use disorder may be coded simply as substance abuse disorder in the health record. However, we accounted for both opioid use disorder and other substance use disorders in each model. Therefore, regardless of how a provider coded opioid use disorder, it would have been included in the analysis, but we can only specifically attribute opioid use disorder to records specifically coded for it. Theoretically, the risk of a patient misusing the opioid and it not being recognized clinically and/or not coded would be similar across all studies using VHA electronic health record data; therefore, it seems reasonable to compare findings related to both opioid use disorder and substance use disorder to previous work. While this analysis helps to explain the prescribing and utilization of opioids in veterans, the administrative claims used to answer these questions are insufficient to make inferences as to the effect opioids may have on functional status or quality of life.
Taken as a whole, these analyses suggest that opioid use among OEF/OIF/OND veterans is characterized by moderate doses that are used over relatively long periods of time by a minority of veterans. Practices such as prescribing high-dose opioids, use of multiple concurrent opioids, and use of long-acting opioids occur in a fairly small percentage of these veterans. These findings also suggest that the use of opioids is less common among OEF/ OIF/OND veterans compared with veterans as a whole. This analysis provides a strong baseline for evaluating the impact of recently implemented additional opioid-related policies. 
